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Description 



TECHNICAL FIELD 

5 [0001] The present invention relates to an olefin copolymer and to films and sheets formed of the olefin copolymer. 
Precisely, it relates to an olefin ter-copolymer which comprises a cyclic olefin, an aromatic vinyl compound and an 
aliphatic a-oiefin having from 2 to 20 carbon atoms in a specific compositional ratio and which has a glass transition 
temperature (Tg) of lower than 60°C, and to films and sheets formed of the copolymer. 

10 BACKGROUND ART 

[0002] Soft polyvinyl chloride is desired to be substituted with chlorine-free olefin resins, in view of its environmental 
problems of wastes, etc. For olefin resins, for example, proposed are copolymers of propylene and cc-olefins. 
[0003] On the other hand, few ter-copolymers comprising a cyclic olefin, an aromatic vinyl compound and an a-olefin 
is have heretofore been known. A ter-copolymer of that type is disclosed in Japanese Patent Laid-Open No. 287713/1998. 
However, it is a hard resin for optical materials and could not be a substitute for soft polyvinyl chloride. 
[0004] The invention is to provide a novel olefin copolymer which has a suitable modulus of elasticity and can be a 
substitute for soft polyvinyl chloride as a soft resin and which has good elastic recovery and transparency, and also to 
provide films and sheets formed of the copolymer. 



DISCLOSURE OF THE INVENTION 

[0005] We, the present inventors have assiduously studied, and, as a result, have found out an olefin copolymer that 
solves the above-mentioned problems and also films and sheets formed of the copolymer, and have completed the 
25 present invention. The copolymer is a novel olefin ter-copolymer that comprises a cyclic olefin , an aromatic vinyl com- 
pound and an aliphatic a-olefin having from 2 to 20 carbon atoms in a specific compositional ratio and has a glass 
transition temperature (Tg) of lower than 60°C. Specifically, the invention provides an olefin copolymer mentioned 
below and films and sheets formed of the copolymer. 

30 1 . An olefin copolymer comprising [A] a cyclic olefin, [B] an aromatic vinyl compound and [C] an aliphatic a-olefin 



having from 2 to 20 carbon atoms, which is characterized in that (1) the component [A] accounts for from 0.1 to 
30 mol%, the component [B] accounts for from 0.1 to 49.9 mol%, and the total of the components [A] and [B] 
accounts for from 0.2 to 50 mol%, and (2) the copolymer has a glass transition temperature Tg of lower than 60°C. 

2. The olefin copolymer of above 1 , wherein the component [A] accounts for from 0.1 to 1 0 mol%, the component 
[B] accounts for from 0.1 to 45 mol%, and the total of the components [A] and [B] accounts for from 0.2 to 50 mol%. 

3. The olefin copolymer of above 1 or 2, of which the glass transition temperature Tg is lower than 30°C. 

4. The olefin copolymer of any of above 1 to 3, of which the limiting viscosity [r|] measured in decalin at 135°C 
falls between 0.01 and 20 dl/g. 

5. The olefin copolymer of any of above 1 to 4, of which the tensile modulus is at most 600 MPa. 

6. The olefin copolymer of any of above 1 to 5, of which the internal haze is at most 20 %. 

7. The olefin copolymer of any of above 1 to 6, which is obtained by polymerizing a cyclic olefin, an aromatic vinyl 
compound and an aliphatic a-olefin having from 2 to 20 carbon atoms in the presence of an olefin polymerization 
catalyst that comprises (D) at least one selected from transition metal compounds of Groups 4 to 6 of the Periodic 
Table and transition metal compounds of Groups 8 to 10 of the Periodic Table of the following general formulae 
(1) to (4), and (E) at least one selected from a compound group of (e-1) oxygen-containing organometallic com- 
pounds, (e-2) ionic compounds capable of reacting with the transition metal compounds to form ionic complexes, 
and (e-3) clay, clay minerals and ion-exchanging layered compounds: 



20 



50 



Q 1 a(C 5 H 5 . a .bR 1 b) (C 5 H 5 -a-cR 2 c) 



(D 



Q 2 a(C 5 H 5 . a -dR 3 d)2 1 M 1 X 1 Y 1 



<2) 
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(C 5 H 5 . e R 4 e )M 1 X l Y 1 W 1 



(3) 
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L 1 L 2 M 2 xV < 4 > 



whPmin Q1 represents a bonding group that crosslinks the two conjugated five-membered cyclic ligands 
wherem Q «P««* 9 2 ^ P sents fi bonding group that crossii nks the conjugated f .ve-membered 

be and" e«h represents an integer of from 0 to 5 when a - 0 or an Integer of frorn 0 to 4 when , a , , 1 or 

may be bonded to each other. . ., ♦ 7 

8 F.lms and sheets formed of the olefin copolymer of any of above 1 to 

RFS- MODES OF CARRYING OUT THE INVENTION 
20 I0006J T r,o .nvention is the olefin copo.ymer mentioned above, including films and sheets formed of the copolymer. 
The invention is described in detail hereinunder. 

1 Olefin Copolymer 

» 10007] The o.enn copo.ymer of the invention comprises [A] a cyclic olefin [B] an aromatic vinyl compound and [C] 

■ISSlIilJl 



[0011] 

the following general formula (5): 
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(5) 



wherein k represents 0 or 1 ; m represents 0 or 1 ; n represents 0 or a natural number; R5 to R2* each independently 

represent a hydrogen atom, a halogen atom, a hydrocarbon group, an alkoxy group or an amino group. 

[0012] The halogen atom is a fluorine, chlorine, bromine or iodine atom. The hydrocarbon group preferably has from 

1 to 20 carbon atoms, concretely including a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl 
group an isobutyl group, a t-butyl group, an amyl group, a hexyl group, an octyl group, a decyl group, a dodecyl group 
an octadecyl group, a cyclohexyl group, a phenyl group, a naphthyl group, a tolyl group, a benzyl group, a phenylethyl 
group, an anthracenyl group, etc. 

[0013] The alkoxy group preferably has from 1 to 20 carbon atoms, concretely including a methoxy group, an ethoxy 
group, a propoxy group, an isopropoxy group, a butoxy group, an isobutoxy group, a t-butoxy group, a phenoxy group, 
a 2, 6-dimethylphenoxy group, a trimethylsiloxy group, etc. 

[0014] The amino group preferably has from 1 to 20 carbon atoms, concretely including a dimethylamino group, a 
diethylamino group, a diisopropylamino group, a diphenylamino group, a pyrrolidinyl group, a bis(trimethylsilyl)amino 

group, etc. . 
[0015] Ft 21 to R 24 may be bonded to each other to form a monocyclic or polycyclic ring, and the monocyclic or poiy- 
cyclic ring may have double bond(s). R 21 and R22, or R23 and R 2 * may form an alkylidene group. 
r0016] Specific examples of the cyclic olefins of formula (5) are bicyclo[2.2.1]hept-2-ene (norbornene); bicyclo[2.2.1] 
hept-2-ene derivatives such as 5-methylbicyclo[2.2.1]hept-2-ene, 5,6-dimethylbicyclo[2.2.1]hept-2-ene, 1 -methylbicy- 
clor2 2 1]hept-2-ene. 5-ethylbicyclo[2.2.1]hept-2-ene. 5-n-butylbicyclo[2.2.1]hept-2-ene, 5-isobutylbicyclo[2.2.1]hept- 

2- ene 7-methylbicyclo[2.2.1]hept-2-ene, etc.; tricyclo[4.3.0.1 2 .5]-3-decene; tricyclo[4.3.0.1 2 .5]-3-decene derivatives 
such 'as 2-methyltricyclo[4.3.0.l2.5]-3-decene. 5-methyltricyclo[4.3.0.l2.5]-3-decene, etc.; tricyclo[4.4.0.1 2.5]-3-un- 
decene- tricyclo[4 4.0.1 2 -5]-3-undecene derivatives such as 10-methyltricyclo[4.4.0.l2.5]- 3 -undecene, etc.; tetracyclo 
[440 l2.si 7 . 10 ]-3-dodecene; tetracyclo[4.4.0.1 2 ' 5 .1 7 - 10 ]-3-dodecene derivatives such as 8-methyltetracyclo 
440 1 2 - 5 1 7 - 1 °]-3-dodecene, 8-ethyltetracyclo[4.4.0.l2.5.i7,i0]. 3 .ciodecene, 8-propyltetracyclot4.4.0.1 2 .5.i7.iO]. 3 . do . 
decene 8-butyltetracyclo[4.4.0.1 2.5.1 7 .i0]- 3 -dodecene, 8-isobutyltetracyclo[4.4.0.l2.5. 1 7 .i0]. 3 -dodecene, 8-hexyltetra- 
cvclot4 4 0 1 25 I7.i0]. 3 - do decene, 8-cyclohexyltetracyclo[4.4.0.l2.M 7 . 10 ]-3-dodecene, 8-stearyltetracyclo[4.4.0.1z. 5 . 
1 7.ioi. 3 . d0 decene 5, 1 0-dimethyltetracyclo[4.4.0.1 2.5 1 7.ioj. 3 . dode cene, 2.1 0-dimethyltetracyclo[4.4.0.1 2.5.1 7.ioj. 

3- dodecene. 8, 9-dimethyltetracyclo[4.4.0.l2.5.l7.io ] . 3 - d0 decene 1 8-ethyh9methyltetracyclo[4 4.0 .£W)-5-do- 
decene Ii-i2-dimethyltetracyclo[4.4.0.l2.5.i7.io ] _ 3 . dode ^ 

2 7-dimethyl-9-ethyltetracyclo[4.4.0.l2.5.i7.io ] . 3 . d odecene 1 9-isobutyl-2, 7-dimethyltetracyclo [4.4.0.1 2 -5.17 ,ioj-a l-do- 
decene 9 10 l2-trimethyltetracyclo[4.4.0.l2.5.l7.i0]. 3 . d odecene, 9-ethyl-11 ,12-dimethyltetracyclo[4.4.0.l2.5.i7.io ] . 
3-dodecene 9-isobutyl-11,12-dimethyltetracyclo[4.4.0.l2-5.l7.i0]- 3 -dodecene, 5.8,9.1 0-telramethylletracyclo 
[440 1 2 - 5 I7.i0]. 3 - do decene. 8-ethylidenetetracyclo[4.4.0.1 2 . 5 .1 7 ' 10 ]-3-dodecene, 8-ethylidene-9-methyltetracyclo 
[4 4 0 1 2 . 5 1 7 ' 10 ]-3-dodecene. B-ethylidene-9-ethyltetracyclo[4.4.0.1 2 ' 5 .1 7 . 10 ]-3-dodecene, 8-ethylidene-9-isopro- 
pyltetracyclo[4 4.0.1 2 - s .1 7 - 10 ]-3-dodecene, 8-ethylidene-9-butyltetracyclo[4.4.0.l2.5.i 7 .i0]. 3 -dodecene, 8-n-propyli- 
denetetracyclo[4.4.0.l2.5.i7.io ] . 3 . dod ecene. S-n-propylidene-g-methyltetracyclo^^.O.^.s.^.iOj.a.dodecene. 8-n- 
propylidene-9-ethyltetracyclo[4.4.0.l2.5.i7.io ] . 3 . dod ecene, 8-n-propylidene-9-isopropyltetracyclo[4 .4.0.1 2.5.1 7 .i°]- 
3 -dodecene 8-n-propylidene-9-butyltetracyclo[4.4.0.l2-5.l7.iO]. 3 .dodecene, 8-isopropylidenetetracyclo[4.4.0.1 2 5 
I7.i0]. 3 . dod ecene, 8-isopropylidene-9-methyltetracyclo[4.4.0.1 2.5.1 7,iO]. 3 . d o d ecene, 8-isopropylidene-9-ethyltetracy- 
clo[4 4 0 1 2 - 5 I7.i0]. 3 -dodecene, 8-isopropylidene-9-isopropyltetracyclo [4.4.0.1 2 -5.l7.i0]. 3 - dO decene, 8-isopropyli- 
dene-9-butyltetracyclo[4.4.0.l2.5.i7.io ] . 3 . dodeC ene, S-chlorotetracyclo^.O.^.s.r.io^ocJecene, 8-bromotetracy- 
clo[4 4 0 1 2 .5 I7.i0]. 3 . d odecene, 8-fluorotetracyclo[4.4.0.l2.5.1 7 . 10 ]-3-dodecene, 8, 9-dichlorotetracyclo[4.4.0.l2.5. 
1 7 .iO]-3-dodecene, etc.; pentacyclo[6.5.1 .l3.6.o2. 7 .09.i3]-4-pentadecene; pentacyclo[6.5.1 .l3.6.o 2 . 7 .09.i3]-4-penta- 
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c3?4? S'.Ts.ioe.^-a-hexadecene derivatives such as 1 1 -methylpentacyclo[8.4.0 ; 1^«JJ ■ J-W««- 
T t 11 Pthvtoentacvclors 4 0 I** I*' 12 . 0«».«l-3-hexadecene, I0,11-dlmethylpentacydo[8.4.0.l2^1».«.owai- 
decene 11 ^"^fj"-; ^ q2 U 7 0 9.i4 M . hexadeC ene; pentacyclo[6.6.1 .l3,6. 0 2.7. 0 9,i4]-4-hexadecene 
3-hexadecene, etc.; pe sntacyci^M . 1 1^0 • .0 ]4 hex ao * J i,6-dimethylp e ntacyclo[6.6.1 .13-6. 

he ™meC 

?io.S.o»J^^ 

hexacvdore 6 1 13* 1 io.i3. 0 2,7. 0 9.i4]-4-heptadecene, 12-ethylhexacyclo[6.6.1 .13.6.1 10 - 13 -^- 7 .0"- 1 H-heptadecene, 

r s rSexicycio [6 .6.i.i3. . iAi ^ , t^^;?^AvsJ 

To.i3 0^.09.^1-4-heptadecene, etc, heptacyclo-5-eicosene derivatives such as hept acyclojE .7.0. 1 .1 .0 . 

O^.-J-S-eicoseU etc, hepta^^ 

0 2.7.o«.«H-eicosene derivatives such as dimethyl-substKuted heptacyc o^.ai J^^^i ^ . 

cosenes etc - heptacyclo-5-heneicosene derivatives such as heptacyclo[8.8.0.l2.9.l4.7.iii ibxj . .0 ] 5 hene. 

Trl Snt'JSors 8 0 ^3.16 0 3.8oi2.i7]-5-heneicosene. 15-melhylheptacyclo[8.8.0.1^.1«.i».1 

cosene, heptacyclo[8.8.0.i i .i , „ 0 14 , 7 111.18 1 i3.i6. 0 3.8.oi2.i7]-5-heneicosene l etc.; 
0 3 i 8. 0 i2.i7 > «. h eneicosene. trimethyl-subst.tuted heptacyclo[8.8.0.1 .1 .1 .« _ ^3,16 0 3.8 012.171.5-do- 
„ rtar „ r i n , fl q o 12 .9 «4.7 1 11.18 ^3.16 0 3.8 oi^i^-docosene; octacyclotS.e.O.I 2 . 9 .! 4 - 7 .! 11 - 1 *-! 0 ° , J 0 , 
octacyclo[8.8.0.1 .1 .i .1 . . ' n 12 , 9 .4,7 111.1s ^3.16 0 3.8 0 i2.i7]-5-docosene , 15-ethyloctacyclo 

cosene derivatives such as 15-methyloctacyclo[e.8.0.12. .! .t i .u 4 ^ 210 3 8 12>21 o14i19] . 

r fl R n 12.9 14.7 111.18 113.16 0 a.8.oi2.i7]-5-docosene, etc.; nonacyclo[10.9.1 .1 4 - 7 .1 .1 o .0 .u .u j 

[B.B.o.i .i .i ■ t 14 7 113 .2o ! 1S.18 02.10.03.8.012.21 .oi4.i9]-5- P entacosene denvatives such as tnme- 

5-pentacosene;non a cyclo[ 0.9^1 -^^ etc . nonacyclo 

25 IS'ToiTsa 1 1-- 0-S 55: i3. 22 ; 1 ois,o ] 1 . 6 . hex 0 aC osene and ^.lai.^.l^- 
" 0 1 1° 3 ; foioiihexacosene derivatives; 5-phen y ibicyc.o [2 .2.1]hept-2-ene, 5-met hyl-5-phe ny ,bcyc.o[ 2. .1 he pt- 

L n\ 0 th»mh 6 nvntetracvclor4 4 0 12-5 l7.iO]. 3 -dodecene, 8-(topropylphenyl)tetracyeloI4.4.0.lW.i7.ioi^<te. 

^Inl'tlZnv^^^ 8-biphen y ltetracycio[4.4.0.l2.5.l7.io ] -3-dodecene W 

TlT^irZ^ 8-(a-na P hthyl)tetrac y clo[4.4.0.l2.5.i7.io ] .3-dodecene 8-anthrace- 

naphthyl)tetracyclo 4 4.0^1 .i J£ wcl " nt adiene-cyclopentadiene-acenaphtylene adduct, 11 ,12-benzopen- 

tryXS-oS 

hexacyclo[6.6.1.1 3 - 6 .1 10 - 13 .02.7 09 ^]-4-heptadecene, 14,15-benzoheptacyclo[8.7.0.l2.9.1^ 7 .1 .0 .0 ] 5 ei 
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fooiTl One or more of these cyclic olefins of formula (5), optionally as combined, may be used herein. 
Sola The aromatic vinyl compound [B] for use in the invention includes styrene; alkylstyrenes such as p-methyl- 
slrene J ethy serene p^Styrani. p-isopro P y.styrene, p-buty .styrene, 

eSstvrene^ o™'^ ene 0 is °P r0 Py ,st y rene - m-methylstyrene, m-ethylstyrene, ^^f 8 ^^^; 
flnf mSstvrene 2 4-dimethylstyrene, 2 .5-dimethylstyrene, 3,5-dimethylstyrene, etc.; alkoxystyrenes such as p- 

benzene etc^One or more of these aromatic vinyl compounds, optionally as combined, may be used herein. 

The limiting viscosity fo] measured in decalin at 1 35'C of the olefin copolymer of the invention may fall gen- 
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erally between 0.01 and 20 dl/g, but preferably between 0.1 and 15 dl/g, more preferably between 0.2 and 10 dt/g, 
even more preferably between 0.2 and 5 dl/g. If its ft] is smaller than 0.01 dl/g, the strength of the moldings such as 
films and sheets of the copolymer will be low, and the moldings will be sticky. On the other hand, if its [t|] is larger than 
20 dl/g, the flowability of the copolymer will be low and the moldability thereof will be poor. In case where the olefin 

5 copolymer of the invention is used as a substitute for soft polyvinyl chloride, its ft] preferably falls between 0.5 and 1 .5 
dl/g. In case where the copolymer is used as a hot-melt adhesive, its fr] is preferably at most 0.5 dl/g. 
[0021] Preferably, the tensile modulus of the olefin copolymer of the invention is at most 600 MPa. If its tensile 
modulus is larger than 600 MPa, the copolymer could not be elastic and could not serve as a soft resin. On the other 
hand, the lowermost limit of the tensile modulus of the copolymer may be, for example, at least 2 MPa. If its tensile 

10 modulus is lower than the lowermost limit, the moldings such as films and sheets of the copolymer will lose toughness. 
More preferably, thetensiie modulus of the copolymerfalls between 5 MPa and 200 MPa, even more preferably between 

5 MPa and 100 MPa. 

[0022] Preferably, the internal haze of the olefin copolymer of the invention is at most 20 %. If its internal haze is 
larger than 20 %, the copolymer will be poorly transparent, and its latitude in decoration and design will be limited, 
is [0023] Preferably, the elastic recovery of the olefin copolymer of the invention falls between 20 % and 1 00 %, more 
proicrably between 40 % and 100 %. If its elastic recovery is lower than 20 %, the moldings such as films and sheets 
of the copolymer will be wrinkled or loosened. 

[0024] Preferably, the olefin copolymer of the invention is obtained by polymerizing a cyclic olefin, an aromatic vinyl 
compound and an aliphatic a-olefin having from 2 to 20 carbon atoms in the presence of an olefin polymerization 
20 crttntybt ihnt compiises (D) at least one selected from transition metal compounds of Groups 4 to 6 of the Periodic 
Tnbic and transition metal compounds of Groups 8 to 10 of the Periodic Table of the following general formulae (1) to 
(4) and (C) at least one selected from a compound group of (e-1) oxygen-containing organometallic compounds, (e- 
2) ionic compounds capable of reacting with the transition metal compounds to form ionic complexes, and (e-3) clay, 
clay minerals and ion-exchanging layered compounds. 
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Q 1 a (C 5 H5. a . b R 1 b )(C 5 H 5 . a . c R 2 c )M 1 X 1 Y 1 (1) 

Q 2 a( C 5H5. a ^R 3 d )2 1 M 1 X 1 Y 1 (2) 

(C 5 H5. e R 4 e )M 1 X 1 Y 1 W 1 (3) 

L 1 L 2 M 2 XV (4) 



wherein Q 1 represents a bonding group that crosslinks the two conjugated f ive-membered cyclic ligands (C 5 H 5 _ a _ b R 1 b ) 
and (C 5 H 5 . a . c R 2 c ); Q 2 represents a bonding group that crosslinks the conjugated five-membered cyclic ligand 
40 (C 5 H5. a . d RC) Cand the 9 r0LJ P Z 1 ; R 1 , R 2 , R 3 and R 4 each represents a hydrocarbon group, a halogen atom, an alkoxy 
group, a silicon-containing hydrocarbon group, a phosphorus -containing hydrocarbon group, a nitrogen-containing 
hydrocarbon group, or a boron-containing hydrocarbon group; and a plurality of these groups, if any, may be the same 
or different, and may be bonded to each other to form a cyclic structure; a represents 0, 1 or 2; b, c and d each represents 
an integer of from 0 to 5 when a = 0, or an integer of from 0 to 4 when a = 1 , or an integer of from 0 to 3 when a = 2; 
45 e is an integer of from 0 to 5; M 1 represents a transition metal of Groups 4 to 6 or Groups 8 to 10 of the Periodic Table; 
M 2 represents a transition metal of Groups 8 to 1 0 of the Periodic Table; L 1 and L 2 each represents a covalent-bonding 
or coordination-bonding ligand, and they may be bonded to each other; X 1 , Y 1 ,Z 1 andW 1 each represents a covalent- 
bonding or ionic-bonding ligand, and X 1 , Y 1 and W 1 may be bonded to each other. 

[0025] Q 1 and Q 2 in formulae (1) and (2) are bonding groups, and their specific examples are mentioned below. 



(1) An alkylene group having from 1 to 4 carbon atoms, or a cycloalkylene group, or the group substituted by a 
lower alkyl or phenyl group at its side chain, such as a methylene group , an ethylene group, an isopropylene group, 
a methylphenylmethylene group, a diphenylmethylene group, a cyclohexylene group, etc.; 

(2) A silylene group, or an oligosilylene group, or the group substituted by a lower alkyl or phenyl group at its side 
55 chain, such as a silylene group, a dimethylsiiylene group, a methylphenylsilylene group, a diphenylsilyiene group, 

a disilylene group, a tetramethyldisilylene group, etc.; 

(3) A hydrocarbon group (e.g., a lower alkyl group, a phenyl group, a hydrocarbyloxy group (preferably, a lower 
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. u^^hftmc nitmaen boron or aluminium, such as a (CH 3 ) 2 Ge group, 

rSJSS^ .0. a (C 6 H 5 )N group. . (CH 3 )B group, a 

(C>f 9 )B group, a (C 6 H 5 )B group, a (C 6 H 5 )AI group, a (CH 3 0)AI group, etc. 

group, a phosphorus-containing ' •V^^^" J^J "ptsents anlnteger of from 0 to 5 when a = 0, or an 
hydrocarbon group; a represents 0. 1 or 2 and b c anc l d eacn rep n dr M ocarbon gr0 up preferably has from 

integer of from 0 to 4 when a = 1 . or an integer of from 0 to 3 when a _ z - Tnenyor ma y be a monovalent one 

1 to 20 carbon atoms, more preferably from 1 to 12 carb °"^^ p.ural hydrocarbon 

that bonds to the cyclooentadienyl group o th ° ™^ 

KSf "^ri^JSSSS SZne, bromine, iodine and f.uonne atoms. The a.koxy group P re,erab,y has 

from 1 to 12 carbon atoms. , nrova mnie arouDS of -Si (R 25 ) (R 26 ) (R 27 ), in which R 25 . 

[0029] The silicon-containing hydrocarbon group 'f^;^^^^^ \ s tne phosphorus-containing 
R- and each represents a hydrocarbon group hav.n , from 1 to 2 ^^J^ hydrocaroon group, for ex- 
hydrocarbon group, the ^^^^^^"Z ^(R^K R^®°, respectively, in which R« and H» each 
ample, mentioned are groups of ;P^<^ >< R >; ^f^* R 4_ and R3 . s , if any , may be the same 

rs^^ ™ — ii9ands (CsH - R1b) and 

(C 5 H^ a . c R 2 c ) may be the same or Cerent ones. ^ perjodjc ^ .^.^ 

Of those, preferred are tnan ium, z— J^^^^^ , S -). an alkoxy group 
[0031] Z1 represents a covalent-bond.ng l.gand. .nclud«g. fo ^mple. °^J ng om ^ t o 2 0 preferably from 1 

carbon group, and an alkoxy group. * and atoWoi tne Periodic Table, 

taining hydrocarbon group having from 1 to20 ' " ^^h, from \ to 12 carbon atoms (e.g.. a tri- 
etc). a silicon-containing hydrocarbon group having from , t0 20. preferably from 

methyisiiy. group, etc.). and a boron compound res,due having y-J^^^rl. h«iog«, atom.a hydrocarbon 
1 to 12 carbon atoms or having halogens (e.g., B(C 6 H 5 ) 4 , BF 4 ). Ol those, preierre 

group, and an alkoxy group. r<anrpsen t s a covalent-bonding or coordination-bonding ligand, and they may 

[0034] In formula (4), L 'and L 2 each 7™^™™ n X2^ group haV ing from 1 to 20, preferably from 
be bonded to each other. Spec.f,c examp.es o, .. -nu. - ■ - fltoms 

, an amino group, an 

1 to 10 carbon atoms, an alkoxy group having from 1 to 30, P™ 1 ** "™ Dreferably from i to 12 carbon 

ine. bistrimethylsilylaminobistrimethylsilyliminophospholane etc. ed each 
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group having from 1 to 20, preferably from 1 to 10 carbon atoms, an alkoxy group having from 1 to 20, preferably from 
1 to 10 carbon atoms, an amino group, a phosphorus-containing hydrocarbon group having from 1 to 20, preferably 
from 1 to 1 2 carbon atoms (e.g., a diphenylphosphine group, etc.), a silicon-containing hydrocarbon group havingfrom 
1 to 20, preferably from 1 to 12 carbon atoms (e.g., a trimethylsilyl group, etc.), and a boron compound residue having 
a hydrocarbon group with from 1 to 20, preferably from 1 to 12 carbon atoms or having halogens (e.g., B(C 6 H 5 ) 4 , BF 4 ). 
Of those, preferred are a halogen atom and a hydrocarbon group. X 1 and Y 1 may be the same or different. 
[0036] M 2 represents a transition metal of Groups 8 to 1 0 of the Periodic Table, including, for example, nickel, pal- 
ladium, platinum, iron, cobalt, rhodium : ruthenium, etc. Preferred are iron, nickel and palladium. 
[0037] Specific examples of the transition metal compounds of formulae (1) and (2) are compounds <1> to <7> 
mentioned below. In these, the position of each substituent is designated as follows: 



4-\ I ^4' 

i ,1— x— r i 

3^/ | V 3 ' 



1 I 4' 
Y 



3' 




,6-7 7'-6; 

<1 > Transition metal compounds not having a crosslinkable bonding group but having two conjugated, 5-membered 
cyclic ligands, such as bis(cyclopentadienyl)titanium dichloride, bis(methylcyclopentadienyl)titanium dichloride, 
bis(1,3-dimethylcyclopentadienyl)titanium dichloride, bis(1 ,2,4-trimethylcyclopentadienyl)titanium dichloride, bis 
(tetramethylcyclopentadienyl)titanium dichloride, bis(pentamethylcyclopentadienyl)titanium dichloride, bis(n-bu- 
tylcyclopentadienyl)titanium dichloride, bis(indenyl)titanium dichloride, bis(fluorenyl)titanium dichloride, bis(cy- 
clopentadienyl)titanium chiorohydride, bis(cyclopentadienyl)methyltitanium chloride, bis(cyclopentadienyl)ethyiti- 
tanium chloride, bis(cyclopentadienyi)phenyltitanium chloride, bis(cyclopentadienyl)dimethyltitanium, bis(cy- 
clopentadienyl)diphenyititanium, bis(cyciopentadienyi)dineopentyltitanium : bis(cyclopentadienyl)dihydrotitanium, 
(cyclopentadienyl)(indenyl)titanium dichloride, (cyclopentadienyl)(fluorenyl)titanium dichloride, etc.; 
<2> Transition metal compounds having two conjugated, 5-membered cyclic ligands, in which the two ligands are 
Crosslin ked with an alkylene group, such as rac-methylenebis(indenyl)titanium dichloride, rac-ethyienebis(indenyl) 
titanium dichloride, rac-methylenebis(indenyl)titaniumchlorohydride, rac-ethylenebis(indenyl)methyltitanium ch!o- 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



ride , ac -e thyl ene^ 

nium" dichloride, rac-isopropy.idene b is(4,5* 
(2-methylindenyl)titaniumdichlor,de,rac^ 

clopentadienyl)titan.um d.chlonde Kt ^^^^ li ^^J^ ia 4 . dir ;ethylcyclopentadienyl)titanium dichlo- 

cyciopentadienyOtitaniumdi^ 

ride. methylene(cyclopentadienyl)(3,4-dimethyicy^ 

en y .)(3,4-dimethylcyc.opentadienyl)dime^ 

enyljdiphenyltitanium, methylene(cyclopent^ eny (fr.m^ 

clopentadienyl)(tetramethylcyclopentad l enyl)-t,tan urn d ^ 

cyclo P entadienyl)titanium dichloride, ^P^P^^ iS opropyHdene(cyclopentadl- 
dichloride. ""PWlWeneCcyc^^ 

enyiXfiuorenyiHUanium die h.or ^^^^^S^S^ ciicNoride, isopropylidene (2, 
pylidene(2,5-dimethylcyctopentad,enyl)(3 ,4 -dimethylcyclope^^ 

5 -dimeth y lcyc,o P entadien y O(f.uoreny)t l tan,um 

enyOtitanium dichloride eth y |e " e < c f dichloride, diphe- 

tadien y l)(fiuoren y .)titan, U m d lC hlonde dtehkiid-. diphenylmethylene^c.openta- 
n y lm e thylene(c y clopentad,en y l)(3,4-d,ethylcy C lopentad^^ 

dien y i)(3,4-dieth y lcyclopentadienyl)t,t a n.um dichlonde C V C ^^" open tadienyl)titanium dichloride, etc.: 
dichloride, c y clohexylidene(2. 5 -dimeth y ic y c.open ad,eny0(3 ^r^ff^^ "9 ands ' SUch 

<3> Transition metal compounds having two .^lene-crossl.nke^ 5 6 7-tetrahydroinden y l)titanium 

dienyDtitanium dichloride, ^^f^ 
(4,5,6,7-tetrahydroindenyl)titan^m dichlonde ^ 

ride.phenylmeth y isi.ylene(2,4^ dichlo , |dei phenyl . 
nylmethylsilylene(2,3,5-tnm e thylcycloperrtad.en^ 

memylsilylenebis<tetramethylcyclo P e^^ 

titanium dichloride, rac-diphenylsitylenebis Ondenyl)Wamum ^ 

tftanium dbh.oride, dichloride" dimethylsi- 

enyl)titani U m dichloride. tetramethyld.s.^ d im e thyl S ilylene-(c y clopentadienyl) 
, y ,e y ne(cyclopentadieny,)(3^irne^ 

(2,3,5-trimethylcyclopentadienyl)titanium dichlonde. dime hyisi^ dichloride, 

InyOtitanium ^ 
dimeth y isii y iene(c y clopentad l en y i)(2,3,5 tr.ethylcyc op^ 

tadienylXtetraethy^^ dichloride, dimeth y .sii y iene(c y - 

dichloride, dimeth y isH y lene(c^clopentad,en y l (2 7-d.tert bu^ 
clopentadienyl)(octah y drofluorenyOtitan,um djchlonde d.^ 
nium dichloride, dimethylsii y lene(2,5-d,me^ 

tanium dichloride, diethyls! 

ylsilylene(2,5-dimethylcyclopentadienyl)(2 7 d. ten < D "^™° r * ' hV | si | vlene(2 4 -diethylcyclopentadienyl)(2'.7'- 
c.opentadienyl)(^7--di-tert4,u^ 

tPXwXS^ oimethy, S i,y.ene( 2 .4-d,eth y .cyc,opentad, 
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crosslinked with a germanium-, aluminium-, boron-, phosphorus-or nitrogen-containing hydrocarbon group, such 
as rac-dimethylgermylenebis(indenyl)titanium dichloride, dimethylgermylene(cyclopentadienyl)(fluorenyl)titanium 
dichloride, rac-methylalumylenebis(indenyl)titanium dichloride, rac-phenylamylenebis(tndenyl)titanium dichloride, 
rac-phenylphosphylenebis(indenyl)titanium dichloride, rac-ethylborylenebis(indenyl)titanium dichloride, rac-phe- 
nylalumylenebis(indenyl)titanium dichloride, phenylalumylene(cyclopentadienyl)(fluorenyl)titanium dichloride, 
etc.; 

<5> Transition metal compounds having one conjugated, 5-membered cyclic ligand, such as (pentamethylcy- 
clopentadieny)[bis(phenyl)amino]titanium dichloride, (indenyl)[bis(phenyl)amino]titanium dichloride, (pentameth- 
ylcyclopentadienyl)[bis(trimethyisilyl)amino]-titanium dichloride, (pentamethylcyclopentadienyl)phenoxytitanium 
dichloride, climethylsilylene(tetramethylcyclopentadienyl)(tert-butylamino)titanium dichloride, dimethylsiiylene(tet- 
rahydroindenyl)methylaminotitanium dichloride, dimethylsilylene(tetramethylcyclopentadienyl)-(trimethylsilylami- 
no)titanium dichloride, dimethylsilylene(tetramethylcyclopentadienyl)-(benzylamino)tttanium dichloride, dimethyl- 
silylene(tetramethylcyclopentadienyl)-phenylaminotitanium dichloride, dimethylsilylene(tetrahydroindenyl)de- 
cylaminotitanium dichloride, dimethylsilylene(tetrahydroindenyl)-(trimethylsilylamino)titanium dichloride, dimethyl- 
silylene(2-indenyl)(tert-butylamino)titanium dichloride, dimethylsilylene(2-indenyl)(isopropylamino)titanium 
dichloride, dimethylsilylene(2-indenyl)(benzylamino)titanium dichloride, dimethylgermylene(tetramethylcyclopen- 
tadienyl)-phenylaminotitanium dichloride, etc.; 

<6> Transition metal compounds having two conjugated, 5-membered cyclic ligands in which the ligands are dou- 
ble-crosslinked,such as (1 ,l'-dimethylsilylene)(2,2 , -isopropylidene)bis(cyclopentadienyl)titanium dichloride, (1 ,1'- 
dimethylsilylene) (2,2'-isopropylidene)-bis(cyclopentadienyl)dimethyltitanium, (1 ,1 '-dimethylsilylenej^'-isopro- 
pylidene)-bis(cyclopentadienyl)diben2yltitanium, (1 ,r-dimethylsilylene)(2,2'-isopropylidene)-bis(cyclopentadi- 
enyl)bis(trimethylsilyl)titanium,(1^ 

methyl)titanium, (1 ,1 , -dimethylsilylene)(2,2'-dimethylsilylene)bis(cyclopentadienyl)titanium dichloride, (1 ,1'- 
dimcthylsiIylene)(2,2 , -dimethylsilylene)bis(3,5-dimethylcyclopentadienyl)titanium dichloride, (1,V-dimethylsi- 
lylene)(2,2 , -dimethylsilylene)bis(3 1 4,5-trimethylcyclopentadienyl)titanium dichloride, (1 ,1 , -dimethylsilylene)(2,2'- 
dimethylsilylene)(cyclopentadienyl)(3,5-dimethylcyclopentadienyl)titanium dichloride, (1 ,1 '-dimethylsilylene) (2,2'- 
dimethylsilylene)(cyclopentadienyl)(3,4,5-trimethylcyclopentadienyl)titanium dichloride, (1 .V-dimethylsilylene) 
(2,2'-dimethylsilylene)(4-methylcyclopentadienyl)(3 , J 5 , -dimethylcyclopentadienyl)titanium dichloride, (1,2'-dimeth- 
ylsilylene) (2,1 '-dimethylsilylene)bis(indenyl)titanium dichloride, (1 ,2'-dimethylsilylene)(2,1 '-dimethylsilylene)bis 
(3-methylindenyl)titanium dichloride, (1 ,2 , -dimethylsilyiene)(2,1 , -dimethylsilylene)bis(4,7-dimethylindenyl)titanium 
dichloride, (1 ,2'-dimethylsilylene)(2,1 , -dimethylsilylene)bis(4,5-benzoindenyl)titanium dichloride, (1 ,2'-dimethylsi- 
Iyiene)(2,1'-dimethylsilylene)bis(5,6-ben20indeny])titanium dichloride, (1 ,2'-dimethylsilylene)(2,1'-ethylene)bis(in- 
denyl)titanium dichloride, (1 ,1 , -dimethylsilylene)(2 : 2'-ethy!ene)bis(indenyl)titanium dichloride, (1 ,1 , -ethylene)(2,2 , - 
dimethylsilylene)bis(indenyl)titanium dichloride, (1,1 , -dimethylsilylene)(2,2'-cyclohexylidene)bis(indenyl)titanium 
dichloride. (1 ,2'-ethylene)(2,1 , -ethylene)bis(indenyl)titanium dichloride, (1 ,2'-ethylene)(2,1 '-ethylene)bis(3-meth- 
ylindenyl)titanium dichloride, (1 ,2 , -ethylene)(2,1 , -ethylene)bis(4,7-dimethylindenyl)titanium dichloride, (1 ,2 ( -ethyl- 
ene)(2,1 '-ethylene)bis(5,6-dimethylindenyl)titanium dichloride, (1 ,2'-ethylene)(2,1 '-ethylene)bis(4-phenylindenyl) 
titanium dichloride, (1 ,2 , -ethylene)(2,1 , -ethylene)bis(4 ( 5,6,7-tetrahydroindenyl)titanium dichloride, (1 ,2-ethylene) 
(2,r-ethylene)bis(4,5-benzoindenyl)titanium dichloride, (1 ,2 , -ethylene)(2,1 , -ethylene)bis(5,6-ben20indenyl)titani- 
um dichloride, etc.; 

<7> Derivatives from compounds of (1) to (6) noted above, which are produced by substituting the chlorine atoms 
in those compounds of (1) to (6) with any of a bromine atom, an iodine atom, a hydrogen atom, a methyl group, a 
phenyl group and others, and by substituting the center metal, titanium in those transition metal compounds with 
any of zirconium, hafnium, vanadium, niobium, molybdenum, tungsten and others. 

[0038] Specific examples of the transition metal compounds of formula (3) are mentioned below. 
[0039] Cyclopenladienyltilanium trichloride, methylcyclopentadienyltitanium trichloride, (1 ,3-dimethylcyclopentadi- 
enyl)titanium trichloride, (1 ,2,4-trimethylcyclopentadienyi)titanium trichloride, tetramethylcyclopentadienyltitanium 
trichloride, pentamethylcyciopentadienyltitanium trichloride, n-butylcyclopentadienyltitanium trichloride, indenyltitani- 
um trichloride, f luorenyltitanium trichloride, cyclopentadienyltitanium dichlorohydride, cyclopentadienylmethyltitanium 
dichloride, cyclopentadienylethyltitanium dichloride, tetrahydroindenyltitanium trichloride, 2-methylindenyltitanium 
trichloride, octahydrofluorenyltitanium trichloride, pentamethylcyclopentadienyltttanium trimethoxide, pentamethylcy- 
clopentadienyltitanium trichloride, cyclopentadienyl[bis(trimethylsilyl)benzamidinato]titanium dichloride, cyclopentadi- 
enyl(dimethylbenzamidinato)titanium dichloride, cyclopentadienyl(dicyclohexylacetamidinato)titanium dichloride; and 
derivatives from these compounds, which are produced by substituting the chlorine atoms in these compounds with 
any of a bromine atom, an iodine atom, a hydrogen atom, a methyl group, a phenyl group and others, and by substituting 
the center metal, titanium in these transition metal compounds with any of zirconium, hafnium, vanadium, niobium, 
molybdenum, tungsten and others. 
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r0040] Specific examples of the transition metal compounds of formula (4) are 2,2 , -thiobis(6-tert-butyl-4-methylphe- 
noxv)titanium dichloride. [1,3-bis(2,6-diisopropylphenylaminato)propane]titanium dichloride, bis[bis(trimethyls.lyl)ben- 
zamidinatolzirconium dichloride, bis<d™ethylbenzamidinato)zirconium dichloride. bis(dicyclohexylacetam 1 dinato)zir- 
conium dichloride. dibromobistriphenylphosphine-nickel. dichlorobistrifluorophenylphosphine-nickel, dibromod.ace- 
tonitrile-nickel dibromodibenzonitrile-nickel. dibromo(1 ,2-bisdiphenylphosphinoethane)nickel. dibromo(1 3-bisd.phe- 
nyl P hos P hinopropane)nickel, dibromo(1 ,V-dipheny.bisphos P hinoferrocene)nicke., dimethylbisdiphenylphosphine- 
nickel dimethyl(1.2-bisdi P henylphosphinoethane)nickel, methyl(1 ,2-bisdiphenylphosphinoethane)n.ckel tetra uorob- 
orate' (2-di P henyl P hos P hino-1- P henylethyleneoxy)phenylpyridine-nickel. dichlorobistriphenylphosph.ne-pa lad.um. 
dichlorodibenzonitrile-palladium, dichlorodiacetonitrile-palladium, di C hlor 0 (1.2-bisdiphenylphos P h.noethane)pallad.- 
um bistriphenylphosphine-palladium bistetrafluoroborate. bis(2,2--bipyridine)methyl-iron tetrafluoroborate etherate. 
H'7 tMazacyclononane-1 ,4 7-triyl-titanium chloride. 7-methyl-1 .4,7-triazacyc.ononane-1 .^djyl-trtan.umdicNonde. 
4'7-dimethyl-1,4.7-triazacyclononan-1-yl-titanium trichloride, etc. Other P referred examples of the compounds are 
those having a diimine ligand, including, for example, complex compounds of a general formula (6): 




wherein R3° and R*> each independently represents an aliphatic hydrocarbon group having from 1 to 20 carbon atoms 
or an aromatic group having a hydrocarbon group on the ring and having from 7 to 20 carbon atoms , in tote ; R« and 
R32 each independently represents a hydrogen atom, or a hydrocarbon group hav.ng from 1 to 20 carbon atoms and 
R31 and R32 may be bonded to each other to form a ring; X2 and Y* each independently represent a hydrogen atom 
or a hydrocarbon group having from 1 to 20 carbon atoms; and represents a transition metal of Groups 8 to 10 of 

TowT°T™u\a (6), the aliphatic hydrocarbon group having from 1 to 20 carbon atoms for R3° and R33 may be a 
inear or branched alkyl group having from 1 to 20 carbon atoms or a cycloalkyl group having from 3 to 20 carbon 
atoms concretely including a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-buty group, 
an isobutyl group, a sec-butyl group, atert-butyl group, a pentyl group, a hexyl group an octyl group, * a decyl group 
a tetradecyl group, a hexadecyl group, an octadecyl group, a cyclopentyl group, a cyclohexyl group, and a cyclooctyl 
group, etc Into the ring of the cycloalkyl grou P , a suitable substituent such as a lower alkyl group or the like may be 

m042] C The aromatic group having a hydrocarbon group on the ring and having from 7 to 20 carbon atoms in total 
ncludes, for example, phenyl and naphthyl groups with at least one linear, branched or cyclic C1 -10 alky group being 
on the aromatic ring. For R30 and R33. preferred is an aromatic group having a hydrocarbon group on the nng, and 
especially preferred is a 2,6-diisopropylphenyl group. R30 and R33 may be the same or different. 
[0043] The hydrocarbon group having from 1 to 20 carbon atoms for R31 and R3* includes, for example, a l.near o 
branched alkyl group having from 1 to 20 carbon atoms, a cycloalkyl group having from 3 to 20 carbon atoms, an aryl 
group having from 6 to 20 carbon atoms, and an aralkyl group having from 7 to 20 carbon atoms. For examples of the 
HneaV or branched alkyl group having from 1 to 20 carbon atoms and the cycloalkyl group having from 3 to 20 carbon 
atoms for and R*2, referred to are those of the C1-20 aliphatic hydrocarbon group mentioned hereinabove for R« 
and R33 The aryl group having from 6 to 20 carbon atoms includes, for example, a phenyl group, a tolyl group, axylyl 
group, anaphthylgroup, a methylnaphthyl group, etc; and the aralkyl group havingfrom 7 ' to20carbon atomsincludes 
for example, a benzyl group, a phenethyl group, etc. R30 and R31 may be the same or different, and may be bonded 

m044\ ^oTexampTes o'Ahe hydrocarbon group having from 1 to 20 carbon atoms for X2 and Y2, referred to are those 
of the C1-20 hydrocarbon group mentioned hereinabove for R31 and R3*. For * and Y* espec.ally preferred ,s a 
methyl group. X 2 and Y2 may be the same or different. _ 
[0045] M2 indicating a transition metal of Groups 8 to 10 of the Periodic Table has been descnbed hereinabove 
[0046] Specific examples of the complex compounds of formula (6) are compounds of the following formulae [1 ], [2]. 
[3], [4], [5], [6], [7], [8], [9], [10], [11] and [12]. 
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(CH 3 ) 2 CH'^r ^CH(CH 3 ) 2 



CH, 



; N' ^CH 3 



(CH 3 ) 2 CH ^^pCH(CH 3 ) 2 



C1D 



(CH 3 ) 2 CH 




CH 



CH(CH 3 ) 2 



,CH 3 



CH 9 



(CH3) 2 CH^^^CH(CH 3 ) 2 



C2} 
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^ CH 3 

>i 
N CH 3 

(CH 3 ) 2 CH v^^CHCCHaJz 
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(CH 3 ) 2 CH'^^^CH(CH3) 2 



H 



(CH3) 2 CH ^^^CH(CH3) 2 



C4D 
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(CH 3 ) 2 CH V JL^CH(CH 3 ) 2 
C53 



(CH 3 ) 2 CH"^y^CH(CH 3 ) 2 

.CH 3 




(CH 3 ) 2 CH^^^CH(CH 3 ) 2 
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(CH 3 ) 2 CH'^T ^CH(CH 3 ) 2 



H 



(CH 3 ) 2 CH^^^CH(CH 3 ) 2 
(CH 3 ) 2 CH' "CH(CH 3 ) 2 

O 

(CH3) 2 CH ^L^CH(CH3) 2 
C9D 



(CH^CH' 'CH(CHa)a 

N Br 

(CH3) 2 CH ^^^CH(CH3) 2 

cm 




P mAn h 

(CH 3 ) 2 CH ^^LxCH(CH 3 ) 2 
C8D 




(CH3) 2 CH' *CH(CH 3 ) 2 

N Br 
(CH 3 ) 2 CH^^^CH(CH 3 ) 2 

C10D 



(CH 3 ) 2 CH^^^"CH(CH 3 ) 2 
CH 3 ^N^ / Br 

X - :Ni \ 

CH 3 "^N' Br 
(CH 3 ) 2 CH ^^^CHCCHgJz 

C12D 



[0047] One or more of the complex compounds optional as * 

(7) and (8) : 
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>37 



R 34 -f A 1 ~ Oj^-f A 2 - o)— A 3 - R 38 



(7) 



10 



,39 



40 



^. A 4_ 0 ^_(. A 5_ 0 ^ 
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wherein R 34 to Ft 40 each independently represent an alkyl group having from 1 to 8 carbon atoms; A 1 to A 5 each 
independently represents an element of Group 1 3 of the Periodic Table; h to k each are a number of from 0 to 50, but 
(h + i) and (j + k) each are at least 1. 

[0050] In Tormulae (7) and (8), the alkyl group having from 1 to 8 carbon atoms for R 34 to R 40 includes a methyl 
group, an ethyl group, an n-propyt group, an isopropyl group, all types of butyl groups, all types of pentyl groups, all 
types of hexyl group, all types of heptyl groups, and all types of octyl groups; and the metal element of Group 13 of 
the Periodic Table for A 1 to A 5 includes boron, aluminium, gallium, indium, and thallium. Of those metal elements, 
especially preferred are boron and aluminium. The values for h to k preferably falls between 1 and 20, more preferably 
between 1 and 5. 

[0051] The oxygen-containing compounds of formulae (7) and (8) are alumoxanes such as tetramethyldialmoxane, 
tetraisobutyldialumoxane, methylalumoxane, ethylalumoxane, butylalumoxane, isobutylalumoxane, etc.; and borox- 
anes such as trimethylboroxane : methylboroxane, etc. Of these, preferred are alumoxanes, and more preferred are 
methylalumoxane and isobutylalumoxane. 

[0052] The alumoxanes may be modified with alcohols. Concretely, the alcohols to be used for modification include 
methanol, ethanol, propanol, butanol, triphenylmethanol, 2,6-dimethylphenol,2 l 4,6-trimethylphenol f 2,6-diisobutylphe- 
nol, 2,6-diisobutyl-4-methy!phenol, pentafluorophenol, 4-trifluoromethylphenol, 3,5-bis(trifluoromethyl)phenol, 1,4-bu- 
tanediol. catechol, trimethylsilanol, triphenylsilanol, etc. 

[0053] The ionic compounds (e-2) capable of reacting with the transition metal compounds to form ionic complexes 
include coordination complex compounds that comprise an anion with plural groups bonded to a metal, and a cation, 
and Lewis acids. 

[0054] Known are various coordination complex compounds that comprise an anion with plural groups bonded to a 
metal, and a cation. For example, compounds of the following general formula (9) are (10) are preferably used in the 
invention. 



40 



([L 3 -H] 9+ ) f ([M 3 D 1 D 2 



(9) 



45 



50 



55 



([L 4 ] g+ )f([M 4 D 1 D 2 ...D p ] (f> ' q) -) l 



(10) 



wherein L 3 indicates a Lewis base; L 4 indicates M 5 , R 41 R 42 M 6 or R 43 3 C, which will be mentioned hereinafter; M 3 and 
M 4 each represents a metal selected from Group 5 to Group 15 of the Periodic Table; M 5 represents a metal selected 
from Group 1 , and Group 8 to Group 12 of the Periodic Table; M 6 represents a metal selected from Group 8 to Group 
10 of the Periodic Table; D 1 to Dp each represent a hydrogen atom, a dialkylamino group, an alkoxy group, an aryloxy 
group, an alkyl group having from 1 to 20 carbon atoms, an aryl group having from 6 to 20 carbon atoms, an alkylaryl 
group, an arylalkyl group, a substituted alkyl group, an organometalloid group, or a halogen atom; R 41 and R 42 each 
represent a cyclopentadienyl group, a substituted cyclopentadienyl group, an indenyl group, or a fluorenyl group; R 43 
represents an alkyl group; q indicates the valency of M 3 or M 4 , and represents an integer of from 1 to 7; p represents 
an integer of from 2 to 8; g indicates the ion valency of [L 3 -H] or[L 4 ], and represents an integer of from 1 to 7; f represents 
an integer of 1 or more; and I = [f x g/(p - q)]. 

[0055] Preferred examples of the metal for M 3 and M 4 in formulae (9) and (10) are boron, aluminium, silicon, phos- 
phorus, arsenic, and antimony; preferred examples of the metal for M 5 are silver, copper, sodium, and lithium; and 
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Dreferred examples of the metal for M 6 are iron, cobalt, and nickel. 

m0561 Concretely, preferred examples of the dialkylamino group for D 1 to D p in formulae (9) and (1 0) are a dimeth- 
ylamino group, a diethylamino group, etc.; those of the alkoxy group for them are a methoxy group an ethoxy group, 
an n-butoxy group, etc ; and those of the aryloxy group for them are a phenoxy group, a 2.6-d.methylphenoxy group, 

wfT Prefe^examples of the alkyl group having from 1 to 20 carbon atoms are a methyl group, an ethyl group 
an n-propyl group, an isopropyl group, an n-butyl group, an n-octyl group, a 2-ethylhexyl group etc.; those of he aryl 
group having from 6 to 20 caSon atoms, the alkylaryl group and the arylalkyl group are a phenyl group, a p-tolyl group, 
a benzyl group, a pentafluorophenyl group, a 3,5-di(trmuoromethyl)phenyl group, a 4-tert-butylphenyl group a 2. 
ldimethy?,henyl group, a 3,5-dimethylphenyl group, a 2,4-dimethylphenyl group, a 2,3-dimethy phenyl group, etc. 
mosTTSe halogen is preferably fluorine, chlorine, bromine or iodine; and preferred examples of the organometallcd 
group are a pentamethylantimonyl group, a trimethylsilyl group, a trimethylgermyl group, a diphenylarsenyl group, a 

fiEFSSSZ^ S rSS^pttadieny. group for R 41 and R« Include a methylcyclopentadi- 
oryl group, a butylcyclopentadienyl group, a pentamethylcyclopentadienyl group, etc. 

(0060] in the invention, concretely, preferred examples of the anion with plural: groups bonded to a metal are B 
C*F Jy B(C fi HF 4 ) 4 , B(C 6 H 2 F 3 ) 4 -. B(C 6 H 3 F 2 ) 4 -, B(C 6 H 4 F) 4 , B[C 6 (CF 3 )F 4 U-, B(C 6 H 5 ) 4 , FB(C 6 F 5 ) 3 , FB(Ci 0 F 7 ) 3 , 
P%%S£. AKC 6 F 5 )^ A.(S 6 4 HF 4)4 . 6 F^.( 2 C 6 F 5 )3-, FA.(C 10 F 7 ) 3 -. 

.C 5 H 5 ) 2 F C - <CH 3 C 5 H 4 ) 2 Fe+, [(CH^CCsH^Fe* [(CH 3 ) 2 C 5 H 3 ] 2 Fe\ [(CH 3 ) 3 C 5 H 2 ] 2 Fe+, [(CH 3 ) 4 C 5 H] 2 Fe , 

IS^Thc^othcf^ of nitrogen-containing compounds such as pyridinium. 2,4-dinitro-N.N-diethyl- 

ar.tm'um d.phcnylammonium, p-nitroanilinium. 2,5-dichloroanilinium. p-nitro-N.N-dimethylaniliniurn. quinolmium, N, 
Nd.mctnylamt.nmm.N.N-die^^ 

ylphcnyDcnrbcnium. tri^-methoxyphenyOcarbenium. etc.; alkylphosphonium ions such as CH 3 PH 3 , , c 2"f"s . 
c'h.PH,.. <CH 3 ) 2 PH 2 *. (C 3 H 5 ) 2 PH 2+ , (C 3 H 7 ) 2 PH 2+ , (CH 3 ) 3 PH + , (W^^^^ 

(C-,Hi) 4 Pv (C 3 H 7 ) 4 P-. etc.; arylphosphonium ions such as C 6 H 5 PH 3 +, (C 6 H 5 ) 2 PH 2 + , (C 6 H 5 ) 3 PH+, (C 6 H 5 ) 4 P , (C 2 H 5 ) 2 
(cIhoPH* (CH,)(C 6 H 5 )PH 2 +, (CH 3 ) 2 (C 6 H 5 )PH\ (C 2 H s ) 2 (C 6 H 5 ) 2 P+, etc. 

0062 Preferred examples of the compounds of formula (9) are triethylammonium tetraphenylborate. tr,(n-buty 
ammonium tetraphenylborate. trimethylammonium tetraphenylborate, triethylammonium tetrak.stpentafluoropheny ) 
borate tri(n-butyl)ammonium tetrakis(pentafluorophenyl)borate, triethylammonium hexafluoroarsenate, pynd.n.um tet- 
rak.s.pcntaf luorophenyOborate, pyrrolinium tetra(pentafluorophenyl)borate, N.N-dimethylanilinium tetrak.s( P entafluor- 
ODhcnvhborate methyldiphenylammonium tetrakis(pentafluorophenyl)borate. etc. . . t ,, 

5o631 Preferredexam P lesofthecompoundsofformula(10)arefen-oceniumtetraphenylbor a te.ferrocen.umterak,s 

pentafluorophenyl)borate. dimethylferrocenium tetrakis(pentafluorophenyl)borate, decamethylferrocen.um tetrakis 
pentafluorophenyljborate. acetylferrocenium tetrakis(pentafluorophenyl)borate. formyHerrocen.um etrak^(pen- 
atluorophenyl)borate, cyanoferrocenium tetrakis(pentafluorophenyl)borate. silver tetraphenylborate silver tetrak.s 
(pentafluorophenyl)borate, trityl tetraphenylborate, trityl tetrakis(pentafluorophenyl)borate, silver hexafluoroarsenate. 
silver hexafluoroantimonate, silver tetrafluoroborate. etc. u - . D /r* u c n run h Pi R /r h ^ 

r00641 The Lewis acid includes, for example, B(C 6 F 5 ) 3 . B(C 6 HF 4 ) 3 . B(C 6 H 2 F 3 ) 3 . B(C 6 H 3 F 2 ) 3 , B(C 6 H 4 F) 3 , B(C 6 H 5 ) 3 , 
40 BF, B[C R (CF a )F 4 ] 3 , B(C 10 H 7 ) 3 . FB(C 6 H 5 ) 2 . PF 5 , P (C 6 F 5 ) 5 , AI(C 6 F 5 ) 3 . AltC^F^, AI(C 10 F 7 ) 3 , etc. 

[0065? Clay, clay minerals and ion-exchanging layered compounds for the component (e-3) are mentioned below. 

<1> Clav and clay minerals: 

For the component (e-3), clay or clay minerals are used. Clay is an aggregate of fine hydrous silicate minerals. 
It is plastic when kneaded with a suitable amount of water, and is rigid when dried. When calcined at high temper- 
atures it is sintered. Clay minerals are hydrous silicates which are the essential components constituting clay. 

These are not limited to only natural ones, but synthetic products of those substances are employable here.n. 
<2> Ion-exchanging layered compounds: 

For the component (e-3), also usable are ion-exchanging layered compounds. Ion-exchanging layered com- 
pounds are characterized by their crystal structure of such that a plurality of crystal planes formed through ionic 
bonding or the like are laminated in parallel layers via weak bonding force between the adjacent layers, .n which 
the ions arc exchangeable. Some clay minerals are ion-exchanging layered compounds. 

For example, phyllosilicic acid compounds belong to clay minerals. Phyllosilicic acid compounds include phyl- 
losilicic acid and phyllosilicates. As natural phyllosilicates, known are montmorillonite, saponite and hectonte of 
the smectite family; illite and sericite of the mica family; and mixed layer minerals of smectites and micas, or those 
of micas and vermiculites. 

As synthetic products, known are fluoro-tetrasilicon mica, laponite, smectone, etc. 

Also mentioned are ionic crystalline compounds having a layered crystal structure, such as <x-Zr(HP0 4 ) 2 , y- 
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Zr(HP0 4 ) 2 , a-Ti(HP0 4 ) 2 , y-Ti(HP0 4 ) 2l etc. These are not clay minerals. 

Examples of clay and clay minerals which do not belong to ion-exchanging layered compounds and which are 
usable for the component (e-3) include clay having a low montmorillonite content and referred to as bentonite; 
kibushi clay comprising montmorillonite and many other components; gaerome clay; sepiolite and palygorskite 

5 having a fibrous morphology; and amorphous or low-crystalline allophane, imogolite, etc. 

<3> In the invention, the component (e-3) is contacted with the component (D), the other components (e-1) and 
(e-2) and an additional component (F), and it is desirable that clay, clay minerals and ion-exchanging layered 
compounds for the component (e-3) are chemically treated for the purpose of removing impurities from them or 
for modifying their structures and functions. 

10 The chemical treatment referred to herein indicates both the surface treatment to remove impurities from 

surfaces and the treatment to modify the crystal structure of clay. Concretely, it includes acid treatment, alkali 
treatment, salt treatment, organic treatment, etc. 

The acid treatment is to remove impurities from surfaces, while releasing cations such as aluminium, iron, 
magnesium and the like from crystal structures to thereby enlarge surface areas. The alkali treatment is to destroy 

75 the crystal structure of clay, thereby modifying the structure of clay. The salt treatment and the organic treatment 

are to form ionic complexes, molecular complexes, organic complexes, etc., whereby surface areas and layer-to- 
layer spaces maybe changed. Owing to their ion-exchanging ability, the interlayer exchangeable ions in the com- 
pounds may be exchanged with any other bulky ions to give layered substances having enlarged interlayer spaces. 
<4> The substances for the component (e-3) noted above may be directly used as they are, or, if desired, additional 

20 water may be adsorbed onto them, or they may be heated and dehydrated prior to being used. 

<5> The component (e-3) may be processed with any of organoaluminium compounds and/or organosilane com- 
pounds prior to its use. 

<6> For the component (e-3) : preferred are clay and clay minerals. Most preferred are phyllosilicic acid compounds, 
of which smectite is desirable, and montmorillonite is more desirable. 

25 

[0066] When these oxygen-containing organometallic compounds (e-1 ), ionic compounds (e-2) capable of reacting 
with the transition metal compounds to form ionic complexes, and clay, clay minerals and ion-exchanging layered 
compounds (e-3) are used, only one compound of the component (e-1 ) may be used alone, or two or more compounds 
thereof may be used as combined. The same may apply to the othercomponents. Only onecompound of the component 
so (e-2) may be used alone, or two or more compounds thereof may be used as combined. Only one compound of the 
component (e-3) may be use alone, or two or more compounds thereof may be used as combined. If desired, any of 
these components (e-1), (e-2) and (e-3) may be combined in any desired manner. 

[0067] An alkylating agent (F) may be optionally used in the invention. For this, preferred are organometallic com- 
pounds of the following general formulae (11), (12) and (13): 
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R^Mg d2) 
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R^Zn (13) 



wherein R 44 and R 45 each independently represent an alkyl group having from 1 to 8 carbon atoms; E represents a 
hydrogen atom or a halogen atom; 0 < r < 3; and 0 < s < 3. 

[0068] The alkyl group for R 44 and R 45 in these formulae (11) to (13) has from 1 to 8, but preferably from 1 to 4 
carbon atoms. Its preferred examples are a methyl group, an ethyl group, a propyl group, an isopropyl group, and all 
types of butyl groups. In these formulae, r is preferably 2 or 3, more preferably 3; and s is preferably 0 or 1 . 
[0069] The organometallic compounds of formulae (1 1 ) to (1 3) include, for example, trialkylaluminiums such as tn- 
methylaluminium. triethylaluminium, tri-n-propylaluminium, triisopropytaluminium, tri-n-butylaluminium, triisobutylalu- 
miniurn, tri-tert-butylaluminium, etc.; dialkyialuminium halides such as dimethylaluminium chloride, diethylaluminium 
chloride, di-n-propylaiuminium chloride, diisopropylaluminium chloride, di-n-butylaluminium chloride, diisobutylalumin- 
ium chloride, di-tert-butylaluminium chloride, etc.; dialkyialuminium alkoxides such as dimethylaluminium methoxide, 
diethylaluminium methoxide, diethylaluminium ethoxide, diisobutylaluminium triphenylmethoxide, etc.; dialkyialumini- 
um hydrides such as dimethylaluminium hydride, diisobutylaluminium hydride, etc. They further include dialkylmagne- 
siums such as dimethylmagnesium, diethylmagnesium, di-n-propyimagnesium, diisopropylmagnesium, dibutylmagne- 
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-ore 5 the a lky ,a«n= aoents «« to -^^£^^t^SZ52l « 
[0070] Preferably, the olefin POlyme«a,,on ^ "JE*^™ p r "^d a nd Trea In a cettlyet rank, or ma, 
an Inert gas atmosphere of nttrooen gas or the like. TM ■ catak « may w PW d , h presence ol the thus- 

between 1 :1 and 1 :100000, preferably bet ween 1:10 and 1 :1 0CO0. 

catalyst formed will increase. . . . Q * i a oet onp rnmnonent of the above-mentioned com- 

P Ss^^ 

catalyst is in the form of a solid. M#ah «t mm, hp in the form of a p re-polymerized catalyst that com- 

and optionally the component (F). ^nivmorized catalvst may be an inorganic or organic 

For the inorganic carrier, preferred are porous ly mc ud ng S^*^^^^^ S i0 2 - 
^SlSf^se^ 

^^?e^S^ -y contain minor carbonates, su.fates, nitrates and oxides such as N^CQ,. K 2 C0 3 , 
[0077] 3 The particulate carriers have d,ff erent prope es, dependmg « ^S^jSLn 1 00 and 700 rr^/g; and 

temperature falling between 100-C and 1000'C, solid having a particle size 

[0078] The particulate carrier for use here.n ^^^^^^^^^^^ «-°'* ,ins havi "9 

J^Tc^i^^ ~ ^ 3lS0 ^ ^ 

tiny, compound and an aliphatic a-olef In havng from 2 ff~o s such as butane, pentane, 

are polymerized in the presence or absence of a solvent ^1^^^^^^ is not specifically defined, 
hexane, toluene, cyclohexane, etc, and liquefied -olefins The ^^^^^^J„ is not y also spe - 

additives, promoters and others generally employed in P^™-™.^"™^^ s tabi , izer , , ig ht stabilizer, UV 
are anti-fogging agent, nucleating agent, tack.f.er, weathe .^ *^ hydrochloric acid 
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additive, copper injury inhibitor, adhesiveness improver, weld strength improver, thermoplastic resin, etc. 
[0081] ' The olefin copolymer of the invention can also be sued as a resin modifier, and it may be formulated into 
various compositions. Materials preferably combined with the olefin copolymer of the invention are, for example, high- 
density polyethylene, low-density polyethylene, linear low-density polyethylene, very- low-density polyethylene, isotac- 
tic polypropylene, syndiotactic polypropylene, styrene-butadiene rubber, ethylene-olefin rubber, a-o I ef in-aromatic vinyl 
compound copolymer, cyclic olefin-aromatic vinyl compound copolymer, polystyrene, syndiotactic polystyrene, para- 
phenylene ether, polyester, etc. Copolymers of the invention that differ from each other in the comonomer composition 
may be mixed to prepare a composition. To the composition, any of the above-mentioned additives and promoters may 
be added. 

2. Films and sheets: 



[0082] The copolymer mentioned hereinabove is, either singly or as combined with any of the above-mentioned 
additives and promoters, or the composition comprising two or more such copolymers are formed into films and sheets 
r5 of the invention. The method of forming them is not specifically defined. For example, employable is any of tubular 
molding compression molding, blow molding, casting, T-die extrusion, calendering, etc. The films and sheets may 
hnvc a single-layered structure or may have a laminate structure formed by laminating a layer of the copolymer on a 
substrate or on any other film. The films may be or may not be stretched. 

[0083] The invcnlion is described in more detail with reference to the following Examples, which, however, are not 
20 intended to restuct the scope of the invention. Not overstepping the spirit and the scope thereof, the invention may be 
modified in any desired manner. 

[0084] First described are the methods for analyzing and evaluating the copolymer of the invention. 
(1 ) Compositional analysis of copolymer: 

25 

[0085] Using JEOL's GSX-400, a copolymer sample is subjected to 13 C-N MR spectrometry, for which is used a mixed 
solvent of trichlorobenzene/benzene deuteride (3/1). The temperature is 130°C. The styrene content and the nor- 
bornone content of ethylene-styrene-norbornene copolymers are obtained according to the equations mentioned be- 
low Briefly based on the assignment parameters disclosed (in J. Poly. ScL: Part A, 1998, 36, 1633; and Macromole- 
30 cules. 1996. 29. 1158). the peaks having appeared in the 13 C-NMR pattern of each sample are integrated. 

Styrene content (mol%) = w/(t - u x 4 + v + w/2 + x + y) x 1 00. 
Norbornene content (mol%) = u x 2 / (t - u x 4 + v + w/2 + x + y) x 1 00. 



[0086] In these, t, u t v, w, x and y each are the integrated values at 24.5 ppm to 30.5 ppm, 32.0 ppm to 33.5 ppm, 
33.5 ppm to 35.0 ppm, 36.0 ppm to 38.0 ppm, 40.5 ppm to 42.5 ppm, and 45.0 ppm to 48.5 ppm, respectively, t is 
40 assigned to the methylene hydrogen of ethylene and to the methylene carbon on the major side of norbornene; u is to 
the methylene hydrogen on the minor side of norbornene; v is to the methylene carbon of ethylene, based on the hetero 
bond of styrene in styrene-ethylene-styrene chain; w is to the methylene hydrogen of styrene; x is to the methine carbon 
in the side chain moiety of norbornene; and y is to the methine carbon of styrene and to the methine carbon of the 
main chain moiety of norbornene. 

45 

(2) Tensile modulus: 

[0087] A copolymer sample is press-shaped into a test piece, of which the tensile modulus is measured according 
to the tensile test of JIS K-71 1 3. 



(3) Internal haze: 

[0088] A copolymer sample is press-shaped into a test piece, of which the internal haze is measured according to 
the haze test of JIS K-71 05. 

(4) Elastic recovery: 

[0089] This is measured in the same manner as in Japanese Patent Laid-Open No. 1 32590/1 993. Briefly, acopolymer 
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, • M eh^nAri into a jis-2 #2 dumbbell test piece, and this is marked to indicate a 25 mm distance on the 
Z^n^^ ^ ™ Ls matd l«nL is itf.** .0 as U- U»n9 . ten* ..ster. «h e <«t piece 



Elastic recovety = [(2L 0 - L^/Lq] x 100 



70 wherein !_<, indicates the original length marked on the dumbbell before the test; 
L, indicates the prolonged length marked on the dumbbell after the test. 

(5) Glass transition temperature: 

15 [00901 Using a differential scanning calorimeter (Parkin Elmer's DSC-7). me glass «^ Mo " ^ n e ^ B < ;^; 
cooolvmer sample is measured. Briefly, about 10 mg of the sample to be tested is metted m a nitrogen atmosphere at 
1 90-cTor 3 mZfes Sen coded to -45«C at a cooling rate of 1 0'c/min and kept at -45-C for 3 minutes, and thereafter 
agL heated 7a heating rate of 10»C/min. The intermediate temperature appearing in the rn.lt.ng prof.ie curve thus 

20 obtained is the glass transition temperature of the sample tested. 

(6) Limiting viscosity: 

[0091] Using an automatic viscometer (Rigo's VMR-053 Model), the limiting viscosity of each copolymer sample is 
25 measured in decalin at 135°C. 

[Production Example] 

[0092] The transition metal compound, (tert-butylamido)(2-indenyi)dimethyl S ilanetitanium dichloride used in Exam- 
30 pies 1 to 3 was prepared according to the process mentioned below. 

1) Production of 2-bromoindene: 

moaai Indenebromohydrin (100 g. 0.47 mol) was dissolved in one liter of toluene. With 3.5 ml of concentrated sulfuric 
add^ 

added ^thereto S organic layer was separated, and the soh,ent was evaporated away under reduced pressur ^ The 
resl due I wis distilled under reduced pressure, and 8.46 g of an yellow oil of the intended compound was obtained. Its 
yield is 9.42 %. 

1H-NMR (CDCI 3 ): 3.52 (s. 2H), 6.88 (s, H), 6.97-7.70 (m, 4H) 

2) Production of 2-(dimethylchlorosilyl)indene: 

rnnodi Maanesium (2 g) was added to tetrahydrofuran (50 ml) in a nitrogen atmosphere. With 1 ,2-dibromoethane 
oTm.) SEZ^S^L heated with a drier to activate magnesium. The solvent was evaporated awa> r under 

was stirred at room temperature for 2 hours. The reaction m.xture was cooled to -78 C, to which was ^ropwise _aao iea 

1H-NMR (CDCI3): 0.62 (s, 6H), 3.56 (2H), 6.9-7.65 (5H) 

3) Production of (2-indenyl)-tert-butylaminodimethylsilane: 

rnnoci ? rDimethvlchlorosilyl)indene (3.00 g. 14.37 mmols) was dissolved in 100 ml of hexane. and cooled with ice. 
To this ^^2^*^^ 7.55 ml, 71 .9 mmote) over a time of 1 0 minutes. After the add-on, th.s 
^r^med up'to room temperature, and stirred for 12 hours. The supernatant was taken out through f,.trat.on, and 
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the solvent was evaporated away under reduced pressure to obtain 3.08 g of the intended compound, its yield is 87.3 %. 
1 H-NMR (CDCI 3 ) : 0.29 (s, 6H), 1.12 (s, 9H), 3.48 (2H), 7.0-7.6 (m, 5H) 

4) Production of (tert-butylamido)(2-indenyl) dimethylsilane-titanium dichloride: 

5 

[0096] (2-lndenyl)-tert-butylaminodimethylsilane (3.05 g, 12.4 mmols) was dissolved in 100 ml of ether, and cooled 
with ice. With n-butyllithium (17.6 ml, 1.64 M, 28.8 mmols) added thereto, this was warmed up to room temperature, 
and stirred for 12 hours. The resulting lithium salt precipitate was taken out through filtration, washed three times with 
50 ml of hexane, and then dried under reduced pressure. The lithium salt thus obtained weighed 1 .65 g. This was 

10 dissolved in 1 00 ml of tetrahydrofuran, and cooled to -78°C. To this was added a tetrahydrofuran solution (50 ml) of 
"ncl 3 (THF) 3 (2.08 g, 5.61 mmols). This was warmed up to room temperature, and stirred for 12 hours. Next, AgCI (2.5 
g, 1 7.4 rnmols) was added to the reaction mixture, and then stirred for 24 hours. The supernatant was taken out through 
filtration, and the solvent was evaporated away under reduced pressure. The residue was crystallized from toluene/ 
hexane, and washed with hexane to obtain 0.3 g of the intended compound. 

15 1 H-NMR (CDCI3): 0.78 (s, 6H), 1 .41 (s, 9H), 6.78 (s, 2H), 
7.2-7.5 (m, 2H), 7.6-7.8 (m, H) 

[Example 1] 

20 [0097] 340 ml of toluene, 5.0 ml of styrene s 15 ml of norbornene, and 0.50 ml of a toluene solution of triisobutylalu- 
minium (1 .0 mol/liter) were put into a 1 .6-liter autoclave equipped with a catalyst supply tube, in that order, and heated 
up to 50°C. To the autoclave, introduced was ethylene to have a pressure of 0.3 MPa (gauge). Next, a solution of 1 0.0 
ixmols of (tert-butylamido)(2-indenyl)dimethylsilane-titanium dichloride and 5.0 mmols of methylalumoxane dissolved 
in 40 ml of toluene was put into the autoclave through the catalyst supply tube. With ethylene and styrene being co- 

25 polymerized therein, the inner pressure of the autoclave decreases. Therefore, ethylene was continuously introduced 
into the autoclave so that it could keep the pressure of 0.3 MPa (gauge), and the copolymerization was continued for 
1 hour. Next, methanol was added to this to stop the copolymerization. With a large amount of methanol added thereto, 
the reaction product was taken out through filtration. The resulting solid was dried under reduced pressure at 60°C for 
4 hours. As a result, 28 g of ethylene-styrene-norbornene copolymer was obtained. Its glass transition temperature 

30 was -7°C and limiting viscosity was 0.81 (dl/g). Measured through 13 C-NMR, its styrene content was 3 mol% and 
norbornene content was 9 mol%. The internal haze of the shaped piece (test piece) of the copolymer was 4.2 %; the 
tensile modulus thereof was 24 MPa; and the elastic recovery thereof was 81 %. 



35 



[Example 2] 



[0098] 295 ml of toluene, 50 ml of styrene, 15 ml of norbornene, and 0.50 ml of a toluene solution of triisobutylalu- 
minium (1 .0 mol/liter) were put into a 1 .6-liter autoclave equipped with a catalyst supply tube, in that order, and heated 
up to 50°C. To the autoclave, introduced was ethylene to have a pressure of 0.3 MPa (gauge) . Next, a solution of 1 0.0 
limols of (tert-butylamido)(2-indenyl)dimethylsilane-titanium dichloride and 5.0 mmols of methylalumoxane dissolved 
40 in 40 ml of toluene was put into the autoclave through the catalyst supply tube. With ethylene and styrene being co- 
polymerized therein, the inner pressure of the autoclave decreases. Therefore, ethylene was continuously introduced 
into the autoclave so that it could keep the pressure of 0.3 MPa (gauge), and the copolymerization was continued for 
1 hour. Next, methanol was added to this to stop the copolymerization. With a large amount of methanol added thereto, 
the reaction product was taken out through filtration. The resulting solid was dried under reduced pressure at 60°C for 
45 4 hours. As a result, 36 g of ethylene-styrene-norbornene copolymer was obtained. Its glass transition temperature 
was 12°C and limiting viscosity was 0.57 (dl/g). Measured through 13 C-NMR, its styrene content was 26 mol% and 
norbornene content was 1 0 mol%. The internal haze of the shaped piece (test piece) of the copolymer was 9.9 %; the 
tensile modulus thereof was 8 MPa; and the elastic recovery thereof was 93 %. 

50 [Example 3] 

[0099] 255 ml of toluene, 1 00 ml of styrene, 5.0 ml of norbornene, and 0.50 ml of a toluene solution of triisobutyla- 
luminium (1 .0 mol/liter) were put into a 1 .6-liter autoclave equipped with a catalyst supply tube, in that order, and heated 
up to 50°C. To the autoclave, introduced was ethylene to have a pressure of 0.3 MPa (gauge). Next, a solution of 5.0 
55 umols of (tert-butylamido)(2-indenyl)dimethylsilane-titanium dichloride and 5.0 mmols of methylalumoxane dissolved 
in 40 ml of toluene was put into the autoclave through the catalyst supply tube. With ethylene and styrene being co- 
polymerized therein, the inner pressure of the autoclave decreases. Therefore, ethylene was continuously introduced 
into the autoclave so that it could keep the pressure of 0.3 MPa (gauge), and the copolymerization was continued for 
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1 hour Next, methanol was added to this to stop the copolymerization. With a large amount * 

the reaction product was taken out through filtration. The resulting solid was dried under reduced pressure at 60 C for 
A VoZ As .wS^g of ethylene-styrene-norbornene copolymer was obtained. Its glass transrt.on temperature 
was 17-C and St ng viscosity was 0.55 (dlrg). Measured through 13 C-NMR, its styrene content was 43 mol% and 
rbornene conS w'as 4 mi. The interna, haze of the shaped piece (test piece) of the copolymer was 9.5 %. the 
tensile modulus thereof was 17 MPa; and the elastic recovery thereof was 94 /«. 

[Production Example 2] 

Production of rac-isopropylidenebis(4,5-benzoindenyl)zirconium dichloride: 

[0100] This was produced according to known information in J. Cher. Soc 1952 36 ^^ >onW,a,IICS ' 
1 994, 13. 964-970; Bull. Soc. Chim., 1967. 9B7-992; Aust. J. Chem., 1992. 45. 1315; and EP 0872492A2. 

[Example 4J 

r0101l 295 ml of toluene. 50 ml of styrene, 15 ml of norbornene. and 0.50 ml of a toluene solution ^« s ^ulyla."- 
INDUSTRIAL APPLICABILITY 

r01 021 The olefin copolymer of the invention has a suitable modulus of elasticity and has good elastic 
Uansparency Therefore, I is favorablefor molding materials forfilms and sheets in the field 

iSK^-S W» in the field of medical therapy and agriculture. The olefin copolymer « a novel olefin resin of 
which the properties are enough for substitutes for soft polyvinyl chloride. 



Claims 
1 



An olefin copolymer comprising [A] a cyclic olefin. [B] an aromatic vinyl compound and [C] an aliphatic a-olefm 
TJ^Tron 2 to 20 carbon atoms, which is characterized in that (1) the component [A] accounts for rorr ,01 to 
SZol% The component [B] accounts for from 0.1 to 49.9 mol%, and the total of the ™P^^*H 
accents f or from 0 2 to 50 mol%. and (2) the copolymer has a glass transition temperature Tg of lower than 60 C. 

2 The olefin copolymer as claimed in claim 1 . wherein the component [A] accounts for from 0 1 to 10 mo.% the 
Lmponen; accounts for from 0.1 to 45 mol%, and the total of the components [A] and [B] accounts for from 

0.2 to 50 mol%. 

3. The olefin copolymer as claimed in claim 1 or 2, of which the glass transition temperature Tg is lower than 30°C. 

4. The olefin copolymer as claimed in any of claims 1 to 3, of which the limiting viscosity h ] measured in decalin at 
135°C falls between 0.01 and 20 dl/g. 

5. The olefin copolymer as claimed in any of claims 1 to 4, of which the tensile modulus is at most 600 MPa. 

6. The olefin copolymer as claimed in any of claims 1 to 5, of which the internal haze is at most 20 %. 
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The olefin copolymer as claimed in any of claims 1 to 6, which is obtained by polymerizing a cyclic olefin, an 
aromatic vinyl compound and an aliphatic a-olefin having from 2 to 20 carbon atoms in the presence of an olefin 
polymerization catalyst that comprises (D) at least one selected from transition metal compounds of Groups 4 to 
6 of the Periodic Table and transition metal compounds of Groups 8 to 10 of the Periodic Table of the following 
general formulae (1) to (4), and (E) at least one selected from a compound group of (e-1) oxygen-containing 
organometallic compounds, (e-2) ionic compounds capable of reacting with the transition metal compounds to 
form ionic complexes, and (e-3) clay, clay minerals and ion-exchanging layered compounds: 

Q 1 a(C 5 H 5 . a .bR 1 b) <C 5 H5^R 2 c )M 1 xV (1) 

Q 2 a(C 5 H5.a-dR 3 d) zlMl X 1y1 < 2 > 

(C 5 H 5 - e R 4 e) MWw1 < 3 > 

L 1 L 2 M 2 XV (4) 



wherein Q 1 represents a bonding group that crosslinks the two conjugated five-membered cyclic ligands 
(C 5 H5. a . b R 1 b ) and (C 5 H 5 _ a . c R 2 c ); Q 2 represents a bonding group that crosslinks the conjugated five-membered 
cyclic ligand (C 5 H5. aKl R 3 d ) and the group Z 1 ; R 1 , R 2 , R 3 and R 4 each represent a hydrocarbon group, a halogen 
atom, an alkoxy group, a silicon-containing hydrocarbon group, a phosphorus-containing hydrocarbon group, a 

25 nitrogen-containing hydrocarbon group, or a boron-containing hydrocarbon group; and a plurality of these groups, 

if any, may be the same or different, and may be bonded to each other to form a cyclic structure; a represents 0, 
1 or 2; b, c and d each represent an integer of from 0 to 5 when a = 0, or an integer of from 0 to 4 when a = 1 , or 
an integer of from 0 to 3 when a = 2; e is an integer of from 0 to 5; M 1 represents a transition metal of Groups 4 
to 6 or Groups 8 to 10 of the Periodic Table; M 2 represents a transition metal of Groups 8 to 10 of the Periodic 

30 Table; L 1 and L 2 each represent a covalent-bonding or coordination-bonding ligand, and they may be bonded to 

each other; X 1 , Y 1 , Z 1 and W 1 each represent a covalent-bonding or ionic-bonding ligand, and X 1 , Y 1 and W 1 may 
be bonded to each other. 

8. Films and sheets formed from the olefin copolymer of any of claims 1 to 7. 
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